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Abstract 
An evaluation of morphometric parameters was made to study drainage morphometry and its influence on landform processes, 
flood and erosion characteristic in subbasins which are located in volcanic terrain between Ni÷de and Aksaray Province SW 
Cappadocia, Central Anatolia. The study area was divided into 28 subbasins. The high flood potentiality exists on the high 
volcanic cones, dom, dissected foot of mountains and the high parts of plateaus covering the 13 subbasins, and are associated with 
high slope, shape of subbasins, impermeable geology and sparce vegetation. The moderate flood potentiality exists on the plateaus 
covering the 9 subbasins and is associated with high drainage density, high stream frequency, high bifurcation ratio and high slope 
conditions; although these subbasins have long narrow shapes. The low flood potentiality exists on plains covering 5 subbasins 
and is associated with low slopes and its long narrow shape. Analysis of drainage morphometry helps to understand inter-
relationships between landforms and flood potentiality for planning and management in basins.  
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1. Introduction 
The drainage basins are one of the most important fundamental units in terms of geometric characteristic of fluvial 
landscape. GIS (Geomorphological Information System) system is referred in this research that was aimed at 
understanding the morphometry of the river channel and its drainage network. The morphometric parameters 
evaluated using GIS system helped us understand various terrain parameters such as nature of the underlying 
bedrock, infiltration capacity surface runoff and erosion [1]. Evaluation of morphometric parameters necessitates the 
analysis of various drainage parameters of the streams and measurement of area of basin, perimeter of basin, length 
of drainage channels, drainage density, drainage frequency, bifurcation ratio, texture ratio, basin relief, ruggedness 
number and time of concentration [2, 3]. The quantitative analysis of morphometric parameters like linear, relief and 
areal using GIS is found to be of immense utility in river basin evaluation, watershed prioritization for flood and 
water conservation and natural resource management [1]. Flood events are one of the most important problems in the 
semi arid regions. In the past thirty-five years, the floods have been often occurred in several subbasins in the north 
part of Melendiz Mountain. Due to semi arid climatic condition, high topography and rainfall, our land is subjected 
to soil erosion and degradation, which entirely results in changes in basin morphology, reservoir sedimentation and 
reduction in storage capacity and flood. The semi arid climate of the drainage basin is conducive to flash flood 
generation [4]. Rivers in semiarid regions commonly adjust channel and flood plain morphologies to less frequent 
large floods because these are the only flows competent enough to alter river morphology [5]. GIS helps in creation 
of a database for the watershed which is very much useful for carrying out spatial analysis, thereby helping the 
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decision-makers in framing appropriate measures for critically affected areas [6]. 
The aim of this study is to present the results of analysis to determine the extent to which certain volcanic 
landforms affect the spatial variation of flood potentiality in drainage network on volcanic terrain. Due to repeatedly 
occurred formations of flood events in the past thirty years, water resources planning require accurate estimation of 
hydrologic response of subbasins in the study area. Our study will help in better understanding the hydrological 
model the status of landforms, flood potentiality, drainage management, ground water potential condition and 
erosion for watershed planning and management.  
2. 2. Regional Setting 
The study area is found in the south of the Middle KÕzÕlÕrmak part of the Central Anatolia Region. This area is 
located between 37° 52´ 30´´ to 38° 22´ 30´´ North latitudes and 34° 00´ 00´´ to 34° 15´ 00´´ East longitudes and is 
located in the SW Cappadocia and occupies nearly 3680 km² (Fig. 1). 
The study area is included in the volcanic mountain belt that extends almost in E-W direction. These mountains 
are Hasanda÷ (da÷: mountain), Keçiboyduran and Melendiz Mountains that have very high topographic relief, easily 
distinguished from the low lying plains. The highest mountain is Hasanda÷ (3268 m) being a composite volcano in 
the west of the study area. Keçiboyduran Mt. (2727 m) is found between Hasanda÷ and Melendiz Mt. In its deeply 
eroded centre, there are highly brecciaed and hydro-thermally altered andesite lava, agglomerate and tuff outcrops 
[7]. Melendiz volcanic complex (2963 m) is found in the east of the Keçiboyduran Mt. The steep cones of Hasanda÷ 
have a much younger relief than the more mature topography of Melendiz [7].  
 
Fig. 1. The study area. The thick line is boundary of the study area. H.Mt: Hasanda÷, K. Mt: Keçiboyduran Mountain, M.Mt: Melendiz Mountain, 
Ç.P: Çiftlik plain, B.P: Bor plain, M.P.: Misli plain 
The drainage pattern of the study area is dentritic at area with horizontally layered rocks, radial drainage is found 
around volcanic cones, parasitic cones and dom. A parallel drainage is observed between the plateau and the plain. 
The study area is totally covered by volcanic rocks in the form of composite volcanoes (Fig. 2). Rock units existing 
in the study area are grouped into five major categories. These are Mio-Pliocene volcanic clastics, Miocene-
Quaternary volcanic complex, Plio-Quaternary continental clastics, Quaternary cinder cone fields and pyroclastics 
[8, 9, 10, 11, 12]. Volcanic clastic rocks are dominantly composed of tephra deposits (ignimbrites) and are 
intercalated with the lacustrin-fluvial deposits [13].Volcanic complexes correspond to the major eruptive centers in 
the province and form huge topographic massifs in the area. Most of them are polygenetic volcanoes [12]. Others are 
in the form of either a dome or a caldera [14, 15, 16, 17]. The dominant lithologies of the complexes are changing 
from andesite, dasite, rhyolite, rhyo-dacite to basaltic andesite [7, 18, 10]. Volcanic cone fields are composed of 
monogenetic (parasitic) eruptions and their associated lava flows [13]. Most of the volcanoes are in from of cinder 
cones although some exist as rhyolitic or dasitic domes and maars [19]. Plio-Quaternary continental deposits and 
pyroclastics cover large areas in the study area. Basins, developed within depression, are filled with mostly fluvial 
clastics [13]. Quaternary pyroclastic rocks are observed around Hasanda÷, Keçiboyduran and Göllüda÷ Mountains. It 
forms with the Melendiz Mt. tuff formation the pyroclastic core of Keçiboyduran Mt and the andesitic elements 
dominate in the formation [7]. The formation of dom is observed in the north of the study area. It shows pyroclastites 
associated with the collapse of caldera, and domes extruded inside the caldera [20, 21].The drainage system of the 
streams has been evolved in andesite, basalt and tuff formations. The main tectonic features of the study area are the 
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Tuz Gölü Fault (TGF) and Keçiboyduran-Melendiz Fault (KMF). The main eruption centre of Melendiz and 
Keçiboyduran Mts. developed on the KMF [10]. The other faults are the Narköy fault (NrF) and the Gösterli Fault 
(GF), which occur in the north of Çiftlik plain [12]. 
 
Fig. 2. The geology map of the study area. TGF: Tuz Gölü Fault, KMF: Keçiboyduran-Melendiz Fault, NrF: Narköy Fault, NF: Ni÷de Fault. 
3. Material and Method 
Drainage network and boundary of the subbasins were created from topographic maps using GIS. Twenty-four 
topographic maps, scaled at 1: 25.000, were registered using UTM projection plane (ED 50, zone 36 N), which is the 
national co-ordinate system of the topographic maps. Drainage network of the subbasins was extracted from a DEM, 
generated from the contours of 10 m internal to generate height and slope maps. The study area was divided into 28 
subbasins. Based on the drainage order, the drainage channels were classified into different orders [22, 23]. In GIS, 
drainage channel segments were ordered numerically as order 1 from a stream’s headwaters to a point downstream 
[24]. Two first order streams segment join to from a second order segment and so on. GIS was used to measure the 
subbasin area, perimeter, cumulative length of streams and basin length. The methodology adopted for the 
mathematical equations of morphometric parameters are given in Table 1. These morphometric parameters are 
stream order, bifurcation ratio, and total stream length which are evaluated as linear parameters.  
4. Result and Discussion 
4.1. Elevation and Slope 
The topography map of the study area shows that higher elevation of 2000-3200 m above mean sea level is 
associated with volcanic mountains and hills in the centre and the north of the study area. The elevation ranging from 
1000-1500 m above msl composes of mainly plains and main valley floor. The elevation ranging from 1500-1900 m 
above msl is mainly associated with plateau foot of mountains, parasitic cones, dissected lava flows and narrow 
valleys. Upper levels from the 1900 m are mountainous areas such as volcanic cones, upstream of narrow valleys and 
dissected hills (Fig.3). The slope of the subbasins is resulted from the volcanic topography of the area. The slope has 
an important effect on the velocity of overland flow in the almost entire subbasins because of high topography and 
sparse vegetation. The effect of high slope causes high velocity of flow, therefore it takes lesser time for the 
catchments runoff to reach the stream [26]. The majority of subbasins 22 and 14 are under nearly level to level slopes 
(0-1%) (Fig.4) and occupies about 60 % and 50.5 % of the subbasins 22 and 14. Much less stream frequency and low 
drainage density are found on these slopes covering the plains. However, these slopes cover the minority of the 
subbasin 12 that consists of the lava flow and plateau, and occupy 8.8 % of this subbasin. Downstream and plain of 
the subbasins 3 and 18 have very gentle slopes (1-2 %) and occupy 12.5 % and 12.8 % of these subbasins. These 
slopes cover little areas in subbasin 13, and occupy 1.5 % of this subbasin. Gentle slopes (2-5 %) are observed 
undulating plateau covering 21. 5 % of the subbasin 24. These are followed by subbasins 1, 2 and 18, respectively. 
Generally, these slopes are of high value in almost all of the subbasins except subbasin 13. The moderately sloping 
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areas (5-10 %) are observed in subbasin 23 and occupy 25.3 % of this subbasin. These slopes are observed in the 
lower part all of the subbasins except the 13th and 14th subbasins. Moderately steep slopes (10-20 %) are observed 
in the subbasins 11, 10 and 17 located in the southeastern and north parts of the Melendiz Mountain. These slopes are 
in association with lava flows, small cones and foot of mountain in subbasins 11, 10 and 7. These slopes occupy 21.4 
%, 20.7 % and 20.3 of these subbasins. Steep slopes (20-40 %) are associated with huge volcanic cones, small 
volcanic cones, floor of narrow valley and dom in the subbasins 10, 11, 12 and 3 and occupy 36.3 %, 31.9 %, 31.3 % 
and 30.8 % of these subbasins. 
Table 1.  Morphometric parameters of drainage network and their mathematical expressions 
 
 
Fig. 3. Elevation map of the study area 
These are followed by subbasins 27 (30 %). The upland of these subbasins corresponds to cone of Melendiz Mt. 
and ùahinkalesi hill. Steep slopes are characterized with density, high stream frequency and high flood potentiality. 
Very steep slopes (>40 %) are mainly cover in the upper part of subbasins 15, 16 and 27 and are in associated with 
dissected volcanic cone, lava flow and plateau. These slopes occupy 19.8 %, 18.8 % and 18.4 % of these subbasins. 
Subbasins 15, 16, 10, 11, 12 and 3 have high flood potentiality after rainfall due to high slopes, despite these 
subbasins being elongated in shape. 
4.2. Linear parameters 
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Stream order (Nu) analysis shows that the main basins are seventh order and the subbasins are sixth, fifth and 
fourth order. Four subbasins (4, 13, 24 and 25) were identified under fourth order, eighteen subbasins (1, 2, 3, 5, 6, 7, 
8, 9, 10, 11, 12, 15, 19, 21, 22, 23, 27 and 28) under fifth order and six subbasins (14, 16, 17, 18, 20 and 26) under 
sixth order. These orders are found in the plains. Total number of stream order in subbasins 18, 20, 7, 28, 26, 17, 16 
and 19 are higher than other subbasins. The high total number of stream orders is associated with the size of the 
subbasins. However, the total number of stream orders in subbasin 23 is higher than subbasins 24 and 13, despite the 
area of subbasins 24 and 13 being bigger than subbasin 23. In addition, total number of stream orders in subbasins 25 
is higher than subbasins 19 and 12 being larger than subbasin 25. This is associated with high volcanic topography 
and structural complexity in subbasins. Analysis of total stream length (L) shows that subbasins 20 and 18 have the 
highest L value, whereas, subbasins 24 and 13 have the lowest L value. The existence of high L value is due to 
structural complexity, high volcanic topography and big size of these basins. The subbasin 5 has a significant 
function in point of area and structural complexity. Despite the area of subbasin 5 having permeable bedrocks and 
being smaller than subbasins 1, 4, 6, 8, 19 and 25, the total number and the total length of stream orders is high in 
subbasin 5. This high value is related to structural complexity. Analysis of bifurcation ratio (Rb) shows that the Rb 
among first, second, third and fourth order streams is considerably high, Rb value of these orders range between 5 
and 8.5 in subbasins 1, 2, 4, 9, 10, 13, 15, 20, 21, 24, 25 and 28. The existence of high Rb value is due to active 
gullies and ravines. This shows that erosion affects considerably in these subbasins [2]. Subbasins 4 and 25 have high 
mean bifurcation ratio and 6.3 and 5.3, for variation in subbasins geometry expressed in elevation, width and length 
of the volcanic landforms. The highest mean Rb value (6.3) shows corresponding the highest runoff and discharge 
due to the high volcanic topography (volcano and dom) and hilly volcanic formation with high slope values. 
Although, area of the other subbasins is bigger than area of subbasins 4 and 25, the mean Rb value of these subbasins 
is low. According to [27], this situation is associated with sudden tectonic disturbance.  
 
Fig. 4. Slope map of the study area 
4.3. The relief parameters and areal parameters 
The basin relief (Bh) of the subbasins play an important role in drainage development, surface and sub surface 
water flow, permeability, landforms development and erosion properties of terrain[24]. In addition, the importance of 
basin relief and measures of basin slope as hydrologic parameters has long been recognized[29][23][22]. With 
increasing relief, steeper hillslopes and higher stream gradients, time of concentration of runoff decreases, thereby 
increasing flood peaks[30]. Analysis of basin relief shows that fourteen subbasins (10, 11, 12, 13, 14, 15, 16, 17, 18, 
19 and 20) are having the relief more than 1000 m. This value of subbasins 1, 2, 3, 4, 5, 7, 8, 9, 24 and 25 changes 
between 550 and 850. The relief of three subbasins (21, 22 and 23) is 150 and 250 m. Subbasin 6 has the lowest 
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basin relief, 75 m. The high Bh value indicates the gravity of water flow, low infiltration and high runoff conditions 
[24]. Thereby, the high Bh value is important factor which increases formation of flood. The ruggedness number 
(Rn) is particularly useful, because it summarizes the interaction of relief and dissection such that highly dissected 
basins of low relief are as rugged as moderately dissected basins of high relief [30]. According to [24], Rn indicates 
the structural complexity of the terrain. The analysis shows that this value is more than 1 in the all subbasins except 
subbasins 6, 22 and 23. Subbasins with high Rn values are highly susceptible to erosion and therefore probability of 
formation of flood factor is high. Drainage density (Dd) shows infiltration capacity of the land, climatic conditions 
and vegetation cover of the basin [2][30][31][24]. Dd value is important with regard to definition of the stage of the 
morphological evolution of the fluvial topography [32]. Analysis of drainage density indicates that the low Dd is 
found in subbasins 6 and 8. In Britain, values are usually well below 5 and on Dartmoor average 2.14[36]. In the 
study area, flooding is more likely in subbasins having Dd value more than 2, because of high volcanic topography 
with high slope configuration. Thereby, it can be   uttered that almost all subbasins have potential to flooding except 
subbasins 6 and 8. Stream frequency (Fs) is defined as the number of streams of all the orders of the basin divided by 
the surface area of the same basin [27]. Analysis stream frequency shows low values of Fs existing in subbasins 12, 
13, 16, 17, 19 and 20. These subbasins have high permeable geology and low relief conditions are prevails. Fs value 
is very high almost in all of the subbasins except these subbasins. Especially Fs value of subbasins 5 and 21 are 
higher than the other subbasins. Analysis of texture ratio (T) indicates that highest T values are observed in 
subbasins 9, 5, 21, 26, 7, 18 and 22. These subbasins have less resistant versus erosion and high relief in upstream 
and are approximately circle subbasins. The lowest T values are found in subbasin 13. T values of the other 
subbasins range between 2.17 and 7.82. Thus, these results infer that T values depend on the underlying geology, 
infiltration capacity of bedrock and relief aspects of the subbasins in the study area. Constant channel maintenance 
(C) is the area of basin surface needed to sustain a unit length of stream channel and is expressed by the inverse of 
drainage density[1] and depends on the rock type, permeability, climatic regime, vegetation cover and depends on 
the duration of erosion as well[39]. In the study area, subbasins 9 and 5 have low C values of 0.19. Length of 
overland flow (Lg) is referred to as the distance of flow of the precipitated water over the land surface, to reach the 
stream[26]. According to [38], this value is higher in semi arid regions than in the humid and humid temperate 
regions. In the study area, subbasins 13 and 24 have high Lg value of 0.56 and 0.41 respectively. It indicates that 
these subbasins have sparce vegetation cover, bedrock with low infiltration capacity and high surface runoff. Time of 
concentration (Tc) is the time taken by water to travel from the most distant point of a subbasin to its outlet [2]. In 
the study area, subbasins 21 and 6 have the highest Tc value of 34 and 33.7 respectively. Subbasins 19 and 12 have 
low Tc value of 17.8 and 18.2 respectively. The lowest Tc value represents the smallest length in time for water to 
travel from the most distance point of the subbasin to its outlet.   
4.4. The shape indices, shape of subbasins and flood potentiality 
Elongation Ratio (Re) indicates how the shape of the basin deviates from a circle[39]. [46] has shown Re value 
ranges between 0.6 and 0.1 over a wide variation of climate and geologic types, for the regions of very low relief, the 
Re value is found very close to 1, while for the areas involving strong relief and steep ground slope, this ratio ranges 
from 0.6 to 0.8. Analysis of elongation ratio indicates that the subbasins 22 and 20 have high Re value and these 
values are 0.84 and 0.83, respectively. These subbasins have variation of geologic types. While rocks with low 
infiltration capacity and high slope are found in their upstream involving strong relief, the rock with high infiltration 
capacity are found in downstream involving very low relief. Circulatory ratio (Rc) is expressed as the shape of the 
basin that was used by [47]. According to [26], If Rc value deviates from 1, this value indicates high irregular basins. 
According to [48], shape of basin has long been accepted that a circular basin is more likely to have a shorter lag 
time and a higher peak flow than an elongated basin. In study area, the subbasins 27, 26 and 14 are having the 
highest Rc value of 0.69 and 0.66 respectively. The upstream of these subbasins are developed predominantly on 
hard andesite and basalt and their downstream having sparse vegetation  are developed on less resistant volcanic rock 
such as pyroclastic and Quaternary fill. Moreover, these subbasins have high slope value. Steep slopes (20-40%) 
occupy 30%, 27.7 % and 16.3% of subbasin 27, 26 and 14 respectively. There is a low form factor (Rf) in a basin 
that indicates less intense rainfall simultaneously over its entire area than an area of equal size with a large form 
factor [49]. The form factor has direct relation to the stream flows and the shape of the watershed[1]. The low Rf 
value is indicated in the elongated basin and high form factor is indicated in the wider basin[33]. [26] identified form 
factor value of 0.44 falls in-between narrower and wider. The low Rf value reveals that it has less side flow for 
shorter duration and high main flow for longer duration and vice versa[24]. This condition prevails in subbasins 24, 
3, 8, 13, 15, 11, 6, 10, 1, 25 and 4 respectively. The high Rf value exists in subbasins 22, 20, 26, 27 and 14 
respectively. Compactness factor (Fc) is indicated by the deviation of the basin area from a circle having an equal 
area[49]. If the basin were a perfect circle then Fc would be equal to 1[50]. This condition prevails in subbasins 27, 
738  Türkan Bayer Alt×n and Bekir Necati Alt×n / Procedia Social and Behavioral Sciences 19 (2011) 732–740
26, 22, 14, 12 and 7. Shape factor (Bs) is 1.8, 1.9, 2.2, 2.3, 2.5 and 2.9 in subbasins 22, 20, 26, 27, 14 and 7, 
respectively.  
 
Fig. 5. Flood potentiality of subbasins in the study area. 
Table 2. The flood potentiality of each subbasins has been evaluated on its shape indices and morphometric parameters. Rf: Form factor, Rc: 
Circulatory ratio, Re: Elongation ratio, Fc: Compactness factor, Bs: Shape factor.   
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It means shape of the subbasin is developing in length and width ratio of 1:2 or 3 and prone to extend drainage channels more to width side from 
the east and southeast directions than north south directions. The subbasins 24, 3, 8, 13, 11, 10, 1 and 25 have Bs value of 10.2, 9.2, 8.7, 8.5, 7.7, 
7.4, 6.6 and 6.1. Based on the drainage density, stream frequency, the mean bifurcation ratio, slope, elongation ratio, circulatory ratio, 
compactness factor and shape factor, subbasins were categorized according to their flood potentiality into three categories: high, moderate and low 
(Fig. 5). The basin shape determines hydrological behaviour of basin. Shape indices used in drainage basin morphometry relate to the 
quantification of basin shape[25]. According to [28], the basin shape reflects the way that runoff will stream through different parts of the basin 
and how the runoff dashing out the outlet. The shape of flood hydrograph is influenced not only by the temporal and spatial distribution of rainfall, 
but in large manner, by the physical character of the drainage basin[40]. Hypothetically the more elongated (long and narrow) a watershed is the 
slower the runoff from the basin will be[41]. In contrast, for more compacted watershed, the runoff hydrograph is expected to be sharper with a 
greater peak and shorter duration[42], because waters of tributaries collect in main stream in the same time[43][44]. According to [28], a circular 
watershed would result in runoff from various parts of the watershed reaching the outlet at the same time, whereas an elliptical watershed having 
the outlet at one end of the major axis and having the same area as the circular watershed would cause the runoff to be spread out over time. To 
define the basin shape, the shape indices for drainage basins among the well known ones were used to quantify and these are the compactness 
factor (Fc), the form factor (Rf), circulatory ratio (Rc), elongation ratio (Re) and shape factor (Bs). These factors are defined as the ratio between 
the length or perimeter of drainage basin and its area. The Re, Rf, Rc and Fc approach to 1 as the watershed shape approached to circle[25][26][1]. 
Moreover, Rc values approaching 1 indicates that the basin shapes are like circular and as a result, it gets scope for uniform infiltration and takes a 
long time to reach excess water at the basin outlet, which further depends on the existing geology, slope and land cover[24]. The shape factor is an 
essentiality for the relationship of the drainage basin to a circle. If the basin were a perfect square then Bs would be equal to 1, whereas the long 
narrow basin would have a Bs value grater than 1[27][42].  In study area, the flooding has occurred on the subbasins 7 (HacÕabdullah village), 16 
(Yeúilyurt and YakacÕk villages) and 28 (AzatlÕ village) in the years of 1975, 1976, 1995, 2000 and 2005[45]. Although a dam was constructed in 
1993 in order to alleviate threat of probable flooding on the main channel, the flooding occurred in 2000 and 2005.   
5. Conclusions 
The morphometric analysis carried out in the subbasins located in volcanic mountains shows that the upstream of 
subbasins are made up of hard volcanic rocks and exhibit high slope values. These subbasins classified as rugged, 
highly sloping; and categorized as high runoff zone. Analysis of Morphometric parameters and shape indices of 
subbasins show that fourteen subbasins (3, 4, 7, 10, 11, 12, 14, 17, 20, 22, 26, 27 and 28) have high flood 
potentiality, nine subbasins (2, 5, 9, 13, 16, 18, 19, 21 and 23) have moderate flood potentiality, five subbasins (1, 6, 
8, 24 and 25) have low flood potentiality (Table 2). Despite subbasins 15, 16, 10, 11, 12 and 3 being elongated in 
shape, these subbasins have high flood potentiality after rainfall due to high slopes. According to this category, the 
north part of the study area is found as relatively susceptible to flooding. The formation of flood events is associated 
with type of landforms, morphometry, climatic condition, slopes, low infiltration capacity and sparce vegetation in 
subbasins. The subbasins with high flood potentiality have high volcanic cones, dom, dissected foot of mountains 
and high part of plateaus. Moreover, the low value of infiltration number creates adequate runoff for formation of 
flood in upstream of these subbasins. The subbasins with moderate flood potentiality have plateaus and subbasins 
with low flood potentiality have plains with level to nearly level slopes. The study shows that volcanic landforms, its 
slope conditions and shape of subbasins create conditions for flood events.  
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